In summary, there is general agreement between the ISEE 3 magnetic field and plasma measurements in the distant magnetotail and many of the predictions of reconnection theory, but the existing theoretical models will have to be extended to three dimensions before these observations can be fully understood.
INTRODUCTION
Since its discovery [Smith, 1962; Ness, 1965 ] the existence and structure of the magnetotail have exerted considerable influence on our understanding of the magnetosphere. Reconnection-based models of the magnetosphere [Dungey, 1961 [Dungey, , 1965 Nishida and Russell, 1978] . However, the near tail is a difficult region for such studies because of the dynamics associated with substorms. Thinning and thickening of the plasma sheet in conjunction with the onset and tailward retreat of neutral lines presents a formidable obstacle to the interpretation of measurements from a single spacecraft. As we shall see later, the ISEE 3 distant geotail mission has the important advantage of spending relatively long intervals of time tailward of the region where reconnection occurs.
The purpose of this study is to further our knowledge of the nightside magnetosphere through analysis ISEE 3 distant tail measurements. In particular, our investigation adds to other recent ISEE 3 studies [e.g., Bame Accordingly, the main objectives of the study are (1) to examine the average magnetic field and plasma conditions in the tail as a function of radial distance from the earth and east-west distance from the X axis and (2) to extend the previous studies of substorm dynamics into the translunar magnetotail. As will be shown, the results of this investigation lend strong support to the flaring tail models of magnetopause geometry, to the open models of the magnetosphere, and to the reconnection models of the substorm process.
ISEE 3 MEASUREMENTS
For the purpose of this study we have assembled a 5-min averaged merged data set of ISEE 3 magnetic field [Frandsen et al., 1978] and plasma measurements [Bame et al., 1978] . The Jet Propulsion Laboratory vector helium magnetometer makes six magnetic field measurements per second, while the Los Alamos National Laboratory (LANL) plasma analyzer performs a 3-s electron measurement every 84s. For the purposes of this study, the principal caveat is that intervals with flow speeds of less than 100-150 km/s may have poorly determined bulk plasma parameters.
The first region encountered in Figure 1 is the north lobe. As was discussed in the earlier ISEE 3 publications [e.g., Bame et al., 1983; Slavin et al., 1983; Tsurutani et al., 1984b; Zwickl et al., 1984] , the lobes of the distant tail are low beta regions filled with relatively strong, low-variance magnetic fields pointing essentially toward (north lobe) or away (south lobe) from the earth. Following a brief encounter with the magnetosheath, and the north lobe again, first the plasma sheet boundary layer and then the plasma sheet proper are entered. As the spacecraft passes into the boundary layer region, density slowly rises, the magnetic field weakens, and the field variance increases over that observed in the lobes. Shortly thereafter a sudden decrease in field strength occurs in conjunction with increases in plasma density, temperature, and velocity as ISEE 3 enters the plasma sheet. Finally, starting around 0620 UT there is a very gradual exit from the tail through the low-latitude boundary layer separating the plasma sheet and magnetosheath. In this particular case the magnetic field showed little variation across the magnetopause except for a slow increase in strength. The plasma measurements displayed a larger jump with density increasing to several per cubic centimeter, speed becoming steady near 400 km/s, and the electron temperatures falling to 1-1.5 x 105 øK.
These examples of the ISEE 3 tail measurements call attention to the complementary nature of the plasma and field observations and the need to use them together in studies of tail structure. The magnetic field data allow the lobes to be readily identified, but the magnetosheath can sometimes, depending upon IMF direction and the variance levels, appear very much like the plasma sheet. Similarly, while the density and temperature differences generally make it easy to separate the plasma sheet and magnetosheath regions, the broad plasma sheet boundary layers can make it difficult to mark precisely the lobe-plasma sheet interface in the plasma data.
DIMENSIONS OF THE TAIL
In Figure 2 the ISEE 3 trajectory for the time interval of this study, December 25, 1982, through April 20, 1983, is displayed in both GSE and GSM coordinates. For reference, the Explorer 33 and 35 magnetopause model of Howe and Binsack [1972] is also shown. The model has been rotated in the X-Y plan by 4 ø to take into account aberration due to the motion of the earth. As is shown, this period is composed of two ISEE 3 orbits with apogees near 80 and 220 R e. The east-west and north-south limits on ISEE Ys trajectory relative to the aberrated X axis were approximately +35 Re and + 10 Re, respectively, in the GSE frame. The second deep tail orbit was not considered by this study because all of the processed data were not yet available. However, the spatial coverage is basically similar but with some increase in the north-south coverage and a slightly greater apogee, 238 Re. As part of a separate study, 756 magnetopause crossings have been identified in the magnetic field and plasma observations during the first 90 days of 1983 [Sibeck et al., 1985b-] . The locations of these crossings have been plotted as tick marks along the ISEE 3 orbits in the GSE panels of Figure 2 . Both the number of crossings and the number of days spent in the various intervals are displayed. As would be expected from the preceding discussion, magnetopause crossings were observed over the entire ISEE 3 distant tail trajectory. Because the amplitude of the tail motion associated with solar wind variations exceeds one tail radius, the frequency of magnetopause crossings was high even in the center of the tail near apogee. In this region, solar wind induced motion of the tail can bring the spacecraft into contact with the magnetopause from any direction, although encounters with the southern portion of the magnetopause surface were favored because ISEE 3 was 10 Re below the ecliptic. Failure to take into account the magnitude of the lateral motion of the tail at these downstream distances can result in the tail appearing filamentary, as was reported by some of the early Pioneer 7 and 8 papers (see reviews by Viiiante [1977] the magnetopause does not occur in the distant tail will require the use of upstream solar wind measurements to scale the ISEE 3 lobe magnitudes to a single external pressure prior to comparison with AE. This procedure would remove the secondary correlations, but it falls outside the scope of this study and will be examined at a later time. In addition to lobe field strength we have also correlated AE and other lobe parameters with similar negative results. >x -600.
-800. Maezawa, 1975; Baker et al., 1984a] should also be performed. However, they fall outside the scope of this investigation and will be pursued in a later study.
The presence of plasma in the lobes of the magnetotail was well known from earlier missions [e.g., Hardy et al., 1979] . The solar wind is thought to be the dominant source of these "mantle" particles which E x B drift from the outer lobes toward the plasma sheet. The important contribution of ISEE 3 is the observation of how lobe plasma density varies with distance down the tail and east-west location within the lobes. Pilipp and Morrill [1978] have investigated lobe plasma conditions using models in which solar wind plasma enters either only at the cusp or continuously along the tail magnetopause. As is shown in the top panels of Figure 19 , the cusp entry model produces nonmonotonic X and Z gradients with most of the plasma particles following similar trajectories determined by the mean tailward velocity of the initial distribution. 
